The polytopic Schiff base 5-methyl-1H-pyrazole-3-carboxylic acid 2-(hydroxyimino-1-methyl-propylidene)-hydrazide (H 2 L)was synthesized by the condensation of 5-methyl pyrazole-3-carbohydrazide and 3-(hydroxyimino) butan-2-one and its coordination ability was tested against cobalt (II) and nickel (II) 
The polytopic Schiff base 5-methyl-1H-pyrazole-3-carboxylic acid 2-(hydroxyimino-1-methyl-propylidene)-hydrazide (H 2 L)was synthesized by the condensation of 5-methyl pyrazole-3-carbohydrazide and 3-(hydroxyimino) butan-2-one and its coordination ability was tested against cobalt (II) and nickel (II) nitrates. The ligand exhibited two different binding modes to form a unique binuclear triply bridged Co(III) cationic complex [Co 2 )]⋅MeOH (2⋅MeOH). Complexes 1 and 2 were characterized by IR, NMR, UV-Vis and single crystal X-ray crystallography. The probable mechanism for the Ni(II) mediated transformation of H 2 L into H 2 L 1 has been investigated by ESI-MS.
Introduction
The coordination chemistry of oximes is versatile because they are used abundantly as complexing agents in the isolation, separation and extraction of various metal ions [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13] . The H-bonding pattern and packing of oxime based complexes are also interesting and leads to remarkable optical properties [14, 15] . Moreover, these complexes are biologically significant as they are found to serve as models for biosystems such as vitamin B12 [16] and as myocardial perfusion imaging agents [17] . Hydroxamate complexes can also display a high antitumor activity [18, 19, 20] . Oximes are potentially ambidentate [3, 5] as they can bind through either or both the N [10, 11, 12, 13] or the O [21] atoms. The vast literature on structural studies of oxime complexes reveals some interesting features of its coordination behavior. In the majority of the cases only the nitrogen atom binds to the metal centre, although there are a few examples where both the nitrogen and oxygen atoms of oximato group take part in coordination [22, 23] and even form1,2 (N,O) oximato-bridged extended networks [6, 7, 8, 9] . Furthermore, studies of metal mediated reactions involving oxime compounds have gained impetus in the past decade providing facile techniques for a wide range of organic syntheses.
Our group has been involved in the reaction of oximes [24, 25, 26, 27, 28, 29, 30, 31, 32] with metal bound nitriles. Ni(II)-ketoxime mediated transformations of nitriles or/and phthalonitriles were achieved, affording various nickel-ligated species including (i) symmetrical imidoylamidines (1,3,5-triazapentadienes) [24] , (ii) phthalocyanines [25] and (iii) unsymmetrical imidoylamidines with imino-isoindolinone moieties [26] . Ni(II) mediated nitrosation of oximes containing α-CH 2 groups have also been studied [27] . We now report the synthesis of a Schiff base (H 2 L) by the condensation of 5-methyl 3-pyrazole carbohydrazide and 3-(hydroxyimino) butan-2-one. In the presence of a cobalt salt, the deprotonated form of H 2 L acts as a tetradentate donor for the metal cation and produces a triply bridged binuclear complex (a unique structure where the same ligand forms two azo-oxo bridge and one diazo bridge between two Co(III) ions). Triple bridged binuclear cores in Co complexes are rare. A few carbon monoxide bridged and hydride bridged species are known. There is also one report of a triply bridged thiolate complex [33] but oxime based triple bridge has not been reported earlier to the best of our knowledge. With a nickel salt, H 2 L undergoes an in-situ hydrolytic transformation to produce a mononuclear neutral square planar complex of a new di-imine ligand. The two complexes were characterized by IR, NMR, UV-Vis and single-crystal X-ray diffraction. The mechanism of the Ni(II) mediated ligand transformation has been investigated by ESI-MS spectroscopy. We propose that the Schiff base H 2 L binds Ni(II) in such a way so as to promote its hydrolysis and rearrangement, ultimately resulting in the formation of a more thermodynamically stable complex. ]: 515 (4300), 356 (13500), 272 (34500).
Experimental

Materials and methods
5-
Crystallographic measurements
Crystals were immersed in cryo-oil, mounted in a Nylon loop and measured at a temperature of 150 K. Intensity data were collected using a Bruker AXS-KAPPA APEX II diffractometer with graphite monochromatic Mo-Kα (λ ¼ 0.71073 Å) radiation. Data were collected using omega scans of 0.5 per frame and full sphere of data were obtained. Cell parameters were retrieved using Bruker SMART software and refined using Bruker SAINT [35] on all the observed reflections. Absorption corrections were applied using SADABS [35] . Structures were solved by direct methods by using the SHELXS-97 package [36] and refined with SHELXL-97 [36] . Calculations were performed using the WinGX System-Version 1.80.03 [37] . All hydrogen atoms were inserted in calculated positions. There were disordered solvents present in the structures of complex 1. Since no obvious major site occupations were found for those molecules, it was not possible to model them. PLATON/SQUEEZE [38] eventually the square planar complex 2 was formed (Fig. 3) . Complexes 1 and 2 were characterized by IR, NMR, UV-Vis and single crystal X-ray crystallography.
Molecular structures of complexes 1 and 2
The In this latter type (T1binding mode in Fig. 4 ) of coordination the ligands are almost planar and their oxime groups form azo-oxobridges between the metal centres, similar to that exhibited by other oxime ligated binuclear Co complexes [39, 40, 41, 42, 43] . In the former category (T2 binding mode in Fig. 4) , however, the ligand is strongly twisted as evidenced by the angle of 66.87 between the mean planes of the two five membered rings Co1-N24-C24-C23-N23 and Co2-N22-C22-C21-N21. Each metal cation is involved in two five-membered (Fig. 2 ) crystallized in the monoclinic system (space group P2 1 /c) and the asymmetric unit consists of one molecule of the complex and one molecule of methanol. The tetradentate (L 1 ) 2À ligand coordinates the nickel cation in a N 3 O 1 fashion by means of the amide oxygen (O1), the pyrazol nitrogen (N7), the azomethine nitrogen (N6) and the diazine nitrogen (N1). The metal cation adopts an almost perfect square planar geometry, sustained by the low value (0.03) of the structural parameter τ 4 ¼ [360
[44],whose values range from 0.00 for a perfect square pyramid to 1.00 for a perfect tetrahedron, withα and β being the two largest angles in the complex. Both complexes 1 and 2 are involved in relevant non-covalent interactions. The pyrazole N5 and N25 atoms in the crystal lattice of 1 act as H-donors to the nitrate O31, O42 respectively. N15 and N25 also produces H-bonds with O22 and O12 of carbohydrazone portion of the ligand leading to the formation of 1D chain that spread along the 
crystallographic a axis (Fig. 5a ). Further stabilization of the structure is also achieved by means of intramolecular medium-strong non-covalent π⋅⋅⋅π interactions, e.g. between Co2-N1-C1-C2-N2 and Co2-N11-C11-C12-N12 metalacycles (centroid⋅⋅⋅centroid distance of 3.501 (2) Å). The molecules of 2 are connected by means of the pyrazole N4 atom which acts as donor not only to the carbonyl O2 atom but also to N5. Additionally, the methanol molecule behaves as donor to O1 and to the pyrazole N3 atom and, simultaneously, as acceptor of the N8-pyrazole hydrogen. Such contacts extend the molecules into infinite 1D chain along the crystallographic c axis (Fig. 5b) .
Spectroscopic characterization
In the 1 H-NMR spectra, the chemical shifts observed forcompound H 2 L unambiguously confirm its structure. In particular, the presence of the two highly deshielded singlets at δ10.2 and 11.63 for the oxime OH and the pyrazole NH, respectively [45, 46] . In complex 1, the ligand assumes two different binding modes (Fig. 4) as indicated above.
In Type-I binding mode denoted as T1, ligand (HL À ) is mononegative (less conjugated structure) and hence the proton signals are less deshielded, while in the Type-2 binding mode, denoted as T2, it is binegative with extended conjugation, the proton signals generally being more deshielded. However no distinct resonances, corresponding to the two different binding modes are exhibited by the methyl group protons of the pyrazole ring and the methyl group associated to oxime functionality (Fig. 4) . The 1 H-NMR signals of 2 clearly show the changes due to ligand transformation, when compared to those of H 2 L and 1. The signal for the oxime OH group which is present in the spectra of H 2 L, is absent in 2. The azomethine proton signal present in both spectra of H 2 L and 1 is also absent in 2. The single signal at δ11.63 for Pz-NH in the spectra of H 2 L is replaced by two different signals in 2 due to presence of two non equivalent Pz-NH groups. The Pz -NH signal at δ12.84 is assigned to the uncoordinated pyrazole ring while that at δ13.9 is due to the coordinated pyrazole ring. The pyrazole C-H proton appears at δ6.4 and δ6.5 for the non-coordinated and coordinated pyrazole rings respectively. In complex 1, the absence of the ν(OH) band indicates deprotonation of this group in both binding modes and the higher energy shifts of both the ν(C¼N) and ν(C¼C) bands are indicative of metal binding [47] . In MeOH solution, complex 1 does not show any absorption bands in the visible and UV region as was the case with a few other bridged Co(II) complexes [48] . However, complex 2 shows a weak band at 515 nm assigned to the d-d transition in the square planar Ni(II) geometry [49] ; the absorption at 356 nm is probably a charge transfer bandand that at higher energy (272 nm) can be assigned to intra-ligand transitions [50] .
Proposed mechanism of the Ni(II) mediated reaction
The imino-oxime H 2 L is hydrolytically stable in the presence of Co(II) ions in aqueous MeOH. The oxidation of the metal takes place in-situ and the ligand binds the Co(III) ions keeping its integrity, exhibiting two distinctly different binding modes. The resulting binuclear Co(III) complex1 was isolated in fairly good yield and fully characterized. However, in the presence of the Ni(II) cation a metal mediated hydrolytic transformation of H 2 L to H 2 L 1 takes place and the latter entirely fulfills the four coordination positions of the square planar complex [Ni(L 1 )](2). The observed transformation is similar to one previously reported by Kelly et al. [51] .
In order to elucidate the mechanism for our nickel mediated transformation we have monitored the reaction by ESI-MS every 2 h for a period of 6 h. Immediately after the addition of the nickel salt to an aqueous MeOH solution of H 2 L, a peak at m/z 503 appeared (100% abundant), probably due to a species resulting from the nucleophilic attack of a H 2 L molecule to another Ni 2þ bound H 2 L centre (Fig. 6, species  1 ). This entity may undergo rearrangements (Fig. 6, steps 2 and 3) followed by elimination of hydroxyl amine (Fig. 6, step 4 ) and leading to an intermediate (Fig. 6, species 5 ) which could be traced as a water adduct (Fig. 6, species 8 ) at m/z 420 after 2 h. Subsequent elimination of dimethyl glyoxime (DMG) (Fig. 6 steps 8 and 9 ) may lead to the formation of H 2 L 1 in the reaction medium. The very stable Ni-DMG complex [Ni(DMG) 2 ], was detected at m/z 262 (also m/z 298, M þ þ 2H 2 O) after 4 h, its abundance growing up to 54 % of the final product. The formation of the diimine species H 2 L 1 could also be traced by the appearance and gradual increase of the peak at m/z 346. The instability of the pro-ligand only in presence of Ni(II) may be driven by a hydrolytic pathway which leads to formation of thermodynamically stable Ni(DMG) 2 during the hydrolysis process.
Conclusion
We have investigated the coordination ability of a polytopic imineoxime compound towards cobalt and nickel cations. While the Co(II) precursor underwent an in situ oxidation to Co(III) forming a binuclear complex with novel bridging mode, the Ni(II) eventually triggered a hydrolytic transformation of the imine-oxime ligand to a diimine, which then bound the metal in a tetradentate mode giving rise to a stable square planar Ni(II) complex. A study of the reaction involving this cation by ESI-MS gave evidence for a metal mediated reaction involving a nucleophilic substitution at the oxime moiety of the ligand, conceivably activated by complexation, followed by rearrangement and eventual elimination of diacetyl monoxime.
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